We demonstrated some different contrasts of cat mandibular squamous cell carcinoma using parametric X-ray radiation at the Laboratory for Electron Beam Research and Application at Nihon University (LEBRA-PXR). A conventional X-ray image revealed a bone tumorous lesion in the mandible. LEBRA-PXR images (20, 25 and 30KeVs) showed some contrasts related to the wavelengths. LEBRA-PXR displayed contrasts which differed from those of conventional X-ray images, suggesting LEBRA-PXR may be useful for diagnostic imaging as a new X-ray source.
Introduction
Principal X-ray sources have been based on bremsstrahlung and characteristic X-rays since Dr. Röentgen discovered in 1895, since then the applications of X-ray imaging have expanded. One of the most important applications is medical use, such as imaging diagnosis and radiation therapy [1] [2] [3] . Today, X-ray imaging is applied to more delicate medical and life sciences, as well as basic sciences, because it is needed for its brilliance, power, and coherence. Pioneering studies in X-ray imaging are now underway at giant electron accelerator laboratories worldwide including European XFEL at Hamburg, LELS at Stanford and KEK-PF at Tsukuba. Parametric X-ray radiation (PXR), one of the pioneering studies using accelerator, is studied and expected for a kind of new X-ray source [4] [5] [6] . In the Laboratory for Electron Beam Research and Application (LEBRA) at Nihon University, PXR is generating using relatively small linear accelerator (125MeV) and silicon crystal with unique features different from conventional X-ray 7) .
The LEBRA-PXR has several unique characteristics, such as a tunable wavelength, a nearly perfect mono-chromatid, a nearly perfect parallel beam, and high coherency. All of these features are effective for the X-ray imaging and absorption studies.
Especially, X-ray phase-contrast imaging is expected, which based on phase differences of materials. To obtain X-ray phase-contrast images, a highly sensitive detector and a highly coherent X-ray source must be developed. This paper reports the application of LEBRA-PXR on X-ray diagnosis using cat tumor occurred in the mandible.
Materials and Methods
The subject was a 15-year-old castrated male cat mandibular tissue with squamous cell carcinoma. The subject was perfused with 10% neutral buffered formalin. Simple X-ray images were taken with LEBRA-PXR in several wavelengths (20 keV, 25 keV, 30 keV). Phase-contrast images (Diffraction Enhanced Imaging)
were also taken with LEBRA-PXR. The subject was cut by cross direction into several pieces using a diamond disc. The specimens were demineralized in 10 % sodium formate-citrate and embedded in paraffin by the usual method. Sagittal sections of 4µm thick were stained with hematoxylin-eosin (HE) and viewed with microscope. As a control, images were taken with conventional as squamous cell carcinoma. Radiologically, conventional X-ray image showed bone destructive tumorous lesion in the mandible (Fig. 3A) . LEBRA-PXR images (20, 25 and 30 KeVs) revealed some contrasts related to different wavelengths (Fig. 3B-D) . 
Results
Macroscopically, a part of mandible with incisor and gingiva was recognized (Fig. 1) . Microscopically, the lesion was composed of invasive proliferation that formed islands with pearl formation of atypical squamous epithelium (Fig. 2) . The lesion was diagnosed 
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A limited number of reports pertaining to PXR have been published after the original work of Didenko et al. 8) , but almost all of them have been concerned with production techniques and the theory of PXR.
PXR is a new type of x-ray with features such as variable monochrome wavelength and high coherent characteristics. PXR was generated at LEBRA, Nihon University. It is generally accepted that x-ray tomography is a powerful tool in biomedical imaging. It can be applied to three-dimensional internal structure of the entire body as well as in single cells and even gives access to quantitative analysis which is extremely important both for basic research and medical applications. Frequently used technique is based on x-ray absorption. Recent phase contrast imaging is improving but remains significantly difficult to quantify. Lewis et al. 9) applied the x-ray diffraction enhanced imaging in dissected mouse lung, heart, liver and legs. The results showed markedly enhanced boundaries of different tissues and three-dimensional appearance.
It is well known that both of conventional X-P and PXR are the same absorption contrast images. PXR can distinguish between an expensive place by the ratio of absorption and a low place by doing imaging by the wavelength of the plural 10) . PXR can change the energy and the images of PXR show different contrasts depending upon the energy 11) . On conventional X-ray images, which tissue tends to pass the X-ray or not. But, PXR can distinguish between an expensive place by the ratio of absorption and a low place by doing imaging by the wavelength of the plural 12)
.
Compared to conventional X-ray, LEBRA-PXR images showed contrast related to different wavelengths, reflecting histological differences between tissues. Phase-contrast imaging with LEBRA-PXR offered more information of the lesion with regard to morphology and structure.
Conclusively, using LEBRA-PXR source imaging, images displayed different contrasts from conventional X-ray. In PXR, the emphasize image of interest territory could be got by choosing the wavelength added to interest territory. Therefore, LEBRA-PXR may be useful for diagnostic imaging as new X-ray source.
